
Research
M

JA
 2

23
 (3

) ▪
 4

 A
ug

us
t 2

02
5

134

Prescription opioid supply-restricting policies and 
hospital use by people prescribed opioid medications, 
Victoria, 2018–22: a controlled interrupted time series 
analysis
Suzanne Nielsen1 , Louisa Picco1, Bosco Rowland1,2, Nadine E Andrew1,3 , Taya A Collyer1,3 , Samanta Lalic1,4,  
Rachelle Buchbinder1, Christopher Pearce5, J Simon Bell1, Dan I Lubman1,2, Ting Xia1

The per capita opioid prescribing rate is higher in Australia 
than in the United States.1 In contrast to the United 
States, most opioid-related deaths in Australia involve 

prescription opioids.2 Opioid-related overdoses and deaths 
have prompted responses similar to those in other countries, 
including a national prescription drug monitoring program 
(in Victoria, an online check is required before prescribing 
monitored medicines)3 and changes to Pharmaceutical Benefits 
Scheme rules regarding subsidised opioids, including smaller 
pack sizes of opioids prescribed for treating acute pain, limits 
on long term opioid use, and more restricted indications for long 
term prescribing of opioids.4

In Australia, about 70% of opioids are prescribed in primary 
care, and most non-fatal overdoses treated in emergency 
departments (EDs) and most opioid-related deaths involve 
prescription opioids.2,5 Restricting their supply can reduce the 
availability of opioids and reduce the number of deaths related 
to prescription opioids,6-8 but these restrictions can also hinder 
legitimate access to opioid medications, leading to unmanaged 
pain and distress.9

The possibility of a shift to riskier substances is also of 
concern.10,11 In the United States, restricting the prescribing of 
opioids reduced prescribed opioid-related harm but increased 
the number of illicit drug overdose deaths.12,13 Opioid restrictions 
or discontinuation have also increased the incidence of opioid 
withdrawal symptoms (including psychological distress), 
uncontrolled pain, and suicide attempts.14-16 The effectiveness 
of policies for reducing prescription opioid supply and harms 
in Australia, and their unintended outcomes (eg, shifts to using 
other substances, harms related to reduced opioid access) have 
not been examined.
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Abstract
Objectives: To investigate the combined effect of two policies for 
reducing prescription opioid supply in Australia on hospital use by 
people prescribed opioids in primary care.
Study design: Retrospective data linkage study; controlled 
interrupted time series analysis of linked primary care electronic 
medication records and hospital admissions data.
Setting: Three Victorian health care networks (Monash Health, 
Eastern Health, Peninsula Health); pre-intervention period: 1 April 
2018 – 31 March 2020; intervention period: 1 April 2020 – 31 March 
2022.
Participants: People prescribed opioid medications at least twice 
during the preceding six months (opioid group) and propensity 
score-matched patients, based on age, gender, comorbidity, and 
residential postcode-based socio-economic status (control group); 
matching was undertaken for each month of the study period.
Intervention: Mandatory prescription drug monitoring (from 
1 April 2020); tighter restriction criteria for the subsidisation of 
opioid medications by the Pharmaceutical Benefits Scheme (PBS) 
(from 1 June 2020).
Main outcome measures: Differences between the opioid and 
control groups in immediate changes after start of the intervention 
in rates of emergency department (ED) presentation and hospital 
admission related to opioid use, non-opioid substance use, self-
harm, or mental health problems; differences between the two 
groups in the change in trend for these rates between the pre-
intervention and intervention periods.
Results: Propensity matching was undertaken for 179 091 people 
in the opioid group and a total of 389 061 people in the control 
group. The opioid-related ED presentation rate for the opioid group 
had been increasing prior to the intervention, but declined after its 
introduction at a rate not significantly different from that of the 
control group. The immediate change in non-opioid substance-related 
ED presentation rate was greater for the opioid group than the 
control group (β, 11.1 [95% confidence interval, 1.7–20.5] presentations 
per 100 000 patients); by 31 March 2022, the rate had declined to 
below the pre-intervention level. Differences between groups in 
changes to self-harm- and mental health-related presentations, and 
in all hospital admission rates, were not statistically significant.
Conclusion: Following implementation of two prescription 
opioid supply-restricting polices in 2020, the opioid-related ED 
presentation rate declined among people prescribed opioids; the 
non-opioid substance-related presentation rate initially increased, 
but was lower than the pre-intervention level by the end of the 
study period. Our findings suggest that some opioid-restricting 
policies can reduce opioid-related harm without increasing long 
term non-opioid substance- or mental health-related harm.
Study registration: European post-authorisation study register 
(EUROPAS), EUPAS104005 (prospective).

The known: Pharmaceutical opioids contribute to considerable 
harm in Australia. Many policies have been implemented in recent 
years to reduce high rates of opioid prescribing and related harm.

The new: Two opioid medication control policies implemented 
in mid-2020 were associated with a decline in the opioid-related 
emergency department presentation rate, but also with a 
sharp but temporary increase non-opioid substance-related 
presentations.

The implications: Policies that restrict opioid medication supply 
can reduce opioid-related harm, but this outcome is accompanied 
by unintended consequences, including a short term increase in 
non-opioid substance-related harm.
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Hospitalisations and ED presentations have been key clinical 
outcomes in United States studies of the effect of opioid 
prescribing policies; ED presentations are a frequently used 
measure of acute drug poisonings.17-19 Few studies outside the 
United States have examined similar outcomes.

We therefore assessed the combined effect of two recent 
policies for reducing prescription opioid supply in Australia 
— mandatory prescription drug monitoring and tighter 
restriction criteria for the subsidisation of opioid medications 
by the Pharmaceutical Benefits Scheme (PBS) — on hospital use 
by people prescribed opioids in primary care. We investigated 
whether these changes had reduced opioid-related harm, 
as indicated by opioid-related ED presentation and hospital 
admission rates, and whether they were associated with 
unintended outcomes, such as higher rates of ED presentations 
and hospital admissions related to the use of non-opioid 
substances and mental health problems (suicide, self-harm, 
anxiety, depression).

Methods

We undertook a retrospective analysis of linked primary care 
electronic medication records and hospital admissions data in 
Victoria for the period 1 April 2018 –  30 June 2022. The study 
protocol was published prospectively,20 and the study was 
prospectively registered with the European post-authorisation 
study register (EUPAS104005; 7 August 2023). We report our 
analysis according to the Reporting of studies conducted 
using observational routinely collected health data statement 
for pharmacoepidemiology (RECORD-PE), an extension of the 
STROBE and RECORD statements21 (Supporting Information).

Data sources

Patient admission records with identifiers were provided by three 
Victorian health care networks (Monash Health, Eastern Health, 
Peninsula Health) with a combined catchment area that includes 
nearly 2.6 million people, 40% of the Victorian population.22 
Using a set of three statistical linkage keys (SHA-256 HASH keys), 
patient admission records were linked to the primary health care 
data collected by the Outcome Health Population Level Analysis 
and Reporting (POLAR) platform (Supporting Information, 
figure 1). Primary health care data were obtained from 562 general 
practices, or 55% of all practices in the health regions (the Eastern 
Melbourne, Gippsland, and Southeastern Melbourne primary 
health networks) that geographically correspond to the three 
health care networks.23-25 Opioid use in the three health regions 
corresponds to reported national opioid use;22,26 81% of admissions 
to hospitals in the three networks could be matched with primary 
care records. The linked databases include information about 
ED presentations, hospital admissions, patient demographic 
characteristics, recorded diagnoses, and medications prescribed 
in general practices (including both PBS-subsidised medicines 
and those dispensed on private prescriptions). Data released 
to researchers were de-identified and analysed on the Monash 
Secure eResearch Platform.

Study periods

We assessed data for two study periods: the 24 months 
preceding the introduction of the mandatory prescription drug 
monitoring program (1 April 2018 – 31 March 2020); and the 22 
months after both the mandatory monitoring and PBS opioid 
restrictions were introduced (1 June 2020 – 31 March 2022). The 
two-month period during which the policies were introduced  

(1 April – 31 May 2020) was considered the intervention (Box 1). 
Linked data from before the study period were used to evaluate 
the historical medication use and comorbidity status of patients.

Patient groups

We included data for people aged 14 years or older on 1 January 
2017; as the data were available by five-year age bands, we 
included data for people aged 14 years or older to ensured that 
data for people aged 18 years were captured, in accordance 
with our study protocol. We included people with Victorian 
residential postcodes for whom sufficient data for linkage keys 
were available (name and birth date), and who engaged in at 
least one activity at an included primary care practice during 
each of the two study periods, ensuring their active status before 
and after the introduction of the mandatory prescription drug 
monitoring program. We did not include people with cancer 
diagnoses at any point during the study, as the requirements of 
the prescription monitoring program and the changes in PBS 
subsidies did not target people with these diagnoses.

Opioid group

We included prescriptions of all opioid analgesics available in 
Australia during the study period (Supporting Information, 
table  1); prescriptions for opioid agonist treatment and 
cough medications (eg, high dose sublingual buprenorphine, 
methadone liquid, dihydrocodeine) were not included. For 
each month during the study period, the opioid group included 
people prescribed an opioid analgesic at least twice during the 
preceding six months, defined as recent opioid prescribing.

Control group

For people in the control group, no prescribing of opioids 
was recorded in the primary care dataset. Each patient in the 
opioid group was matched with one in the control group using 
propensity score matching. Propensity score matching improves 
the reliability of causal inferences by balancing covariates in 
intervention and control groups, reducing selection bias.27 The 
variables used for propensity matching were gender (based 
on socially constructed roles, behaviours, and identities: male 
or female), age, socio-economic status measured using the 
Socioeconomic Indexes for Areas deciles (SEIFA) Index of 
Relative Socio-economic Disadvantage (IRSD)28 derived from 
patient’s postcode of residence, and comorbidity (Cambridge 
Multimorbidity Score, a weighted composite of 21 conditions;29 
Supporting Information, table 2). The Cambridge Multimorbidity 
Score, a measure of long term health conditions in primary care 
patients, was applied as part of the matching process for people 
in the risk set for each month, based on information available 
at the start of the month. At the end of each month, people left 
both study groups and were re-matched for the next month; the 
distribution of covariates was therefore balanced at each time 

1  Study timeline



M
JA

 2
23

 (3
) ▪

 4
 A

ug
us

t 2
02

5

136

Research

point (standardised differences of less than 10%30). As individuals 
in the opioid group could be matched with different control group 
persons in different months, the total number of control group 
persons would be expected to exceed that of the opioid group.31

Outcomes

The primary outcomes were the monthly rates (per 100 000 
patients) of ED presentations and hospital admissions attributed 
to substance use or mental health problems, critical indicators 
influenced by changes in opioid prescribing.14,15,32 We defined 
the outcomes using International Statistical Classification 
of Diseases, tenth revision, Australian modification (ICD-
10-AM) primary and secondary diagnosis codes  (Supporting 
Information, table 3).

Statistical analysis

All analyses were performed in Stata/MP 17. Changes in 
the monthly rate of each outcome after the introduction of 
the mandatory prescription drug monitoring program, were 
assessed in interrupted time series analyses, adjusted for 
baseline levels and temporal trends.33 We used a controlled 
interrupted time series analysis (ie, with a comparison group 
not exposed to the intervention) to reduce bias linked with 
underlying secular trends. Given the assumptions that underlie 
interrupted time series analysis, we assessed the data for 
stationarity and autocorrelation, and adjusted our analyses 
for coronavirus disease 2019 (COVID-19) pandemic lockdown 
effects (Supporting Information, box 1).

In our models, step changes at selected timepoints indicate 
immediate changes in the outcome; the regression slope 
indicates the change in the outcome over time. We report the 
difference in the estimated regression coefficients (β; with 95% 
confidence interval, CI) between the opioid and control groups 
for the level change in each outcome with the introduction of the 
mandatory reporting program, and the difference (with 95% CI) 
between the two groups in the change in regression slope before 
and after the intervention. In a sensitivity analysis, we used a 
higher threshold for opioid group inclusion (at least four opioid 
analgesic prescriptions during the preceding six months).

Ethics approval

The Monash Health Human Research Ethics Committee  
(project 76744: RES-22-0000-026A; SSA/76744/MonH-2021-​295413), 
Peninsula Health Human Research Ethics Committee (SSA/​
76744/PH-2022), and Eastern Health Human Research Ethics 
Committee (S22-032-76744) approved the study.

Results

Propensity matching was undertaken for 179 091 people in the 
opioid group and a total of 389 061 eligible people in the control 
group. Following propensity score matching, all covariates were 
well balanced at each time point (Box 2).

Emergency department presentations

In April 2018, the opioid-related ED presentation rates for the 
two groups were not significantly different (opioid v control 
group: β, 3.68 [95% CI, –0.68 to 8.04] presentations per 100 000 
patients). Prior to the intervention, the rate of change was 
greater for the opioid group than the control group (β, 0.37 [95% 
CI, 0.03 to 0.70] presentations per 100 000 patients per month); 
the slope difference after the intervention was not statistically 

significant (β, –0.23 [95% CI, –0.80 to 0.33] presentations per 
100 000 per month). The presentation rate for the opioid group 
was increasing before the intervention, but declined after its 
introduction (Box 3; Box 4, panel A).

In April 2018, the non-opioid substance-related ED presentation 
rate was higher for the opioid than the control group (β, 9.40 [95% 
CI, 0.66 to 18.1] presentations per 100 000 patients), and the level 
change in presentation rate with the intervention was also greater 
for the opioid group (β, 11.1 [95% CI, 1.7 to 20.5] presentations per 
100 000 patients). The slope difference between the two groups was 
statistically significant neither before nor after the intervention. 
By 31 March 2022, the rate for the opioid group had declined to 
below the estimated pre-intervention level (Box 3; Box 4, panel B).

For self-harm-related ED presentations, neither the level changes 
in rates nor the slope change in presentation rate during the 
intervention period were significantly different between the two 
study groups (Box 3; Box 4, panel C). For mental health-related 
ED presentations, neither the level changes in rates nor the slope 
change in presentation rate during the intervention period were 
significantly different between the two study groups (Box  3; 
Box 4, panel D).

Hospital admissions

In April 2018, the opioid-related hospital admission rate was 
higher for the opioid than the control group (β, 20.8 [95% CI, 

2  Characteristics of the propensity-matched opioid and control 
groups, April 2018*

Characteristic Opioid group Control group

Standardised 
mean 

difference

Gender 0.0188

Female 34 671 (61.6%) 34 154 (60.7%)

Male 21 604 (38.4%) 22 121 (39.3%)

Age group (years) 0.0327

20–29 1575 (2.8%) 1615 (2.9%)

30–39 4860 (8.6%) 4846 (8.6%)

40–49 7476 (13.3%) 7233 (12.9%)

50–59 10 303 (18.3%) 9913 (17.6%)

60–69 10 709 (19.0%) 10 520 (18.7%)

70–79 9443 (16.8%) 9653 (17.2%)

80 or older 11 908 (21.2%) 12 494 (22.2%)

Socio-economic status, 
quintile28

0.0079

1 (most disadvantage) 7655 (13.6%) 7693 (13.7%)

2 5202 (9.2%) 5244 (9.3%)

3 13 516 (24.0%) 13 335 (23.7%)

4 13 844 (24.6%) 13 853 (24.6%)

5 (least disadvantage) 16 058 (28.5%) 16 150 (28.7%)

Cambridge 
Multimorbidity Score, 
mean (SD)

1.83 (0.85) 1.85 (0.85) 0.0195

SD = standard deviation. * Propensity score matching was conducted using the nearest 
neighbour algorithm, matching each person in the opioid group with one in the control 
group. This is a sample table, for April 2018; for our analysis, propensity matching was 
separately undertaken for each month of the study period. ◆
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12.5 to 29.2] admissions per 100 000 patients). Neither the level 
changes in rates (opioid v control group: β, 5.42 [95% CI, –5.28 
to 16.1] admissions per 100 000 patients) nor the slope change 
during the intervention period (opioid v control group: β, –0.15 
[95% CI, –0.95 to 0.64] admissions per 100 000 patients per month) 
were significantly different between the two study groups 
(Box 3; Box 5, panel A).

In April 2018, the non-opioid substance-related ED presentation 
rate was higher for the opioid than the control group (opioid v 
control group: 45.9 [95% CI, 33.0 to 58.9] admissions per 100 000 
patients), and the rate of change in admission rate was greater 
(opioid v control group: –1.26 [95% CI, –2.25 to –0.27] admissions 
per 100 000 rate during the intervention period were significantly 
different between the two study groups (Box 3; Box 5, panel B).

In April 2018, the self-harm-related hospital admission rate 
was higher for the opioid than the control group (β, 19.7 [95% 
CI, 9.92 to 29.5] admissions per 100 000 patients); the rates of 
change in admission rate prior to program introduction were 
not significantly different. Neither the level changes in rates nor 
slope change during the intervention period were significantly 
different between the two study groups; the slope declined 
for the opioid group, but not for the control group, after the 
intervention (Box 3; Box 5, panel C).

In April 2018, the mental health-related hospital admission rate 
was higher for the opioid than the control group (β, 78.0 [95% CI, 
57.1 to 98.8] admissions per 100 000 patients); the rate of change 

in admission rate (decline) prior to the intervention was also 
greater for the opioid group (β, –1.92 [95% CI, –3.51 to –0.33] 
admissions per 100 000 patients per month). Neither the level 
changes nor the slope changes during the intervention period 
were significantly different between the two study groups. The  
modelled admission rate for the opioid group was below the 
level predicted by the pre-intervention trend at the end of  
the study period; this difference was not statistically significant 
in the control group (Box 3; Box 5, panel D).

Sensitivity analysis

In the sensitivity analysis, 92 169 people were included in the 
opioid group (at least four opioid analgesic prescriptions during 
the preceding six months) and 258 301 eligible patients in the 
control group. Differences between the two study groups in 
neither immediate changes in rates nor the slope change during 
the intervention period were statistically significant for ED 
presentations or hospital admissions for any of the four causes 
(Supporting Information, table 6).

Discussion

The introduction of the mandatory prescription drug monitoring 
program and revised PBS restriction criteria for opioid 
medications was followed by a decline in the opioid-related ED 
presentation rate and an initial increase in that of non-opioid 

3  The effect of the 2020 prescription opioid regulatory changes on emergency department presentations and hospital admissions of 
people in the catchment areas of three Victorian health care networks: comparison of patients prescribed opioid medications during 
the previous six months and propensity score-matched primary care patients*

Coefficient (β) (95% confidence interval)

Comparison  
(opioid v control group) Opioid-related Non-opioid substance-related Self-harm-related

Mental 
health-related

Emergency department 
presentations

Pre-intervention

Initial monthly rate (per 
100 000 patients)

3.68 (–0.68 to 8.04) 9.40 (0.66 to 18.1) 1.56 (–5.16 to 8.33) 12.3 (–7.50 to 32.2)

Rate change (per 100 000 
patients per month)

0.37* (0.03 to 0.70) –0.34 (–0.92 to 0.23) 0.10 (–0.47 to 0.66) –0.56 (–1.97 to 0.85)

Post-intervention

Immediate changes in monthly 
rate (per 100 000 patients)

–6.18 (–14.5 to 2.10) 11.1 (1.71 to 20.5) –1.68 (–15.1 to 11.7) –2.58 (–25.3 to 20.1)

Slope change (per 100 000 
patients per month)

–0.23 (–0.80 to 0.33) –0.22 (–1.0 to 0.56) 0.06 (–0.80 to 0.92) 0.84 (–0.92 to 2.60)

Hospital admissions

Pre-intervention

Initial monthly rate (per 
100 000 patients)

20.8* (12.5 to 29.2) 45.9 (33.0 to 58.9) 19.7 (9.9 to 29.5) 78.0 (57.1 to 98.8)

Rate change (per 100 000 
patients per month)

–0.28 (–0.91 to 0.34) –1.26 (–2.25 to –0.27) –0.63 (–1.34 to 0.08) –1.92 (–3.51 to –0.33)

Post-intervention

Immediate changes in monthly 
rate (per 100 000 patients)

5.42 (–5.28 to 16.1) 16.9 (–3.71 to 37.4) 2.09 (–12.7 to 16.9) 11.4 (–30.4 to 53.2)

Slope change (per 100 000 
patients per month)

–0.15 (–0.95 to 0.64) 0.50 (–1.13 to 2.13) 1.07 (–0.00 to 2.15) 2.36 (–0.51 to 5.22)

Bold: Statistically significant. * The pre-intervention rate change (control group only), the immediate post-intervention change, post-intervention slope change (for each group), the level 
change at the end of the study period (for each group), and the between-group difference in level at the end of the study period are provided in the Supporting Information, table 4 
(emergency department presentations) and Supporting Information, table 5 (hospital admissions). ◆
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substance-related ED presentations among people prescribed 
opioid medications in three Victorian health care network 
catchment areas; the mental health-related ED presentation rate 
did not change.

We report the first study outside the United States to examine 
hospital use by people prescribed opioid medications before 
and after prescription opioid policy changes, and our findings 
are broadly consistent with those reported there.11,34 As we 
expected, the new policies were associated with reduced opioid-
related harm; the reduced availability of prescription opioids 
presumably explains this change.8,35,36 We also expected that the 
changes would have unintended effects, and found an immediate 
increase in the non-opioid substance-related ED presentation 
rate that was greater among people prescribed opioids than 
in the control group. One possible mechanism underlying the 
increase in non-opioid substance-related harms could be related 
to increased prescribing of unmonitored pain medicines, such 
as pregabalin and tricyclic antidepressants, following the 
introduction of the prescription drug monitoring program.35 
Other possible mechanisms underlying increased non-opioid 
substance-related harm could be substitution effects; that is, 
using non-opioid medications instead of opioids. We found 
evidence of these unintended effects only in the short term, with 
only limited evidence of longer term negative effects. As this is 
the first study of this type in a health care system outside the 
United States, our findings are of international relevance, and 
indicate that measuring a comprehensive range of outcomes is 
important when evaluating opioid policies.36

As people with acute drug-related problems are often managed 
in EDs, without being admitted to hospital, ED presentations 

are a more sensitive measure of changes in harm levels, and our 
findings are consistent with this view. Our results also indicate 
the importance of continuing to study how prescription opioid 
restriction can be achieved in a manner that reduces opioid-
related harm while minimising other, unintended consequences. 
Specifically, it is important to understand which features could 
increase the effectiveness of prescription opioid restrictions. 
For example, the prescription drug monitoring program is 
mandatory in Victoria, access to the system is limited to health 
care providers (ie, excluding law enforcement authorities), and 
education was provided to health care providers, all of which 
are important for the outcomes of prescription drug monitoring 
programs.37,38

Limitations

We analysed linked primary care and hospitals data to examine 
the effect of opioid restriction policies on people prescribed 
opioids in primary care, with a control group matched according 
to key demographic and health variables. The inclusion of 
three large health regions provided geographic and socio-
economic diversity, with nationally representative opioid use 
patterns.22,26 The inclusion of private (eg, immediate release 
tapentadol) and subsidised opioid prescriptions facilitated 
more comprehensive analysis of opioid prescribing. The use of 
individual patient-level privacy-preserving identifiers through 
statistical linkage keys also enabled identification of the same 
person across multiple practices. However, we could not 
distinguish between illicit and prescribed opioids in ED and 
hospital data because of the frequent use of non-specific opioid 
poisoning codes in these datasets; as in similar studies, we 

4  Emergency department presentations, April 2018 – April 2022, by study group and month*

* Solid lines: regression curves by study period (before and after the intervention); dashed lines: predicted outcomes for the intervention period, based on the pre-intervention trend; grey 
lines: regression curves for intervention period adjusted for coronavirus 2019 disease-related lockdowns and seasonality. ◆
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therefore examined overall opioid-related harm.34,39 We must 
also be cautious because the period between the introduction of 
mandatory monitoring and the revised PBS criteria coincided 
with a period of COVID-19-related restrictions. However, 
we controlled for lockdown periods in our analyses, and we 
included a control group, thereby limiting the potential for 
bias and increasing our ability to draw conclusions about 
policy effects. Although the illicit drug market was affected 
by COVID-19-related restrictions, the price and population-
level consumption of heroin in Victoria were relatively stable.40 
The reduced mental health-related admission rates for both 
study groups were consistent with other reports regarding the 
COVID-19 restrictions period.41 Nevertheless, further studies 
of similar policy changes implemented outside the COVID-19-
related restrictions period are warranted.

Conclusion

We found that, among people prescribed opioid medications in 
primary care, the opioid-related ED presentation rate was reduced 
and that  of non-opioid substance-related ED presentations 
increased in the short term after the introduction of mandatory 
prescription drug monitoring and revised PBS restriction 
criteria for opioid medications in 2020. These initiatives did not 
affect rates of hospitalisations related to opioid or non-opioid 
substance use or mental health problems. Our findings indicate 
that a health-focused approach to prescription drug monitoring 
could avoid some of the harms reported in the United States. 
As similar opioid restriction policies are implemented across 
Australia and elsewhere, being aware of these outcomes will be 
important.
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5  Hospital admissions, April 2018 – April 2022, by study group and month*

* Solid lines: regression curves by study period (before and after the intervention); dashed lines: predicted outcomes for the intervention period, based on the pre-intervention trend; grey 
lines: regression curves for intervention period adjusted for coronavirus 2019 disease-related lockdowns and seasonality. ◆

mailto:admin@outcomehealth.org.au
mailto:admin@outcomehealth.org.au
http://creativecommons.org/licenses/by/4.0/


M
JA

 2
23

 (3
) ▪

 4
 A

ug
us

t 2
02

5

140

Research

	 1	 Ju C, Wei L, Man KKC, et al. Global, regional, and 
national trends in opioid analgesic consumption 
from 2015 to 2019: a longitudinal study. Lancet 
Public Health 2022; 7: e335-e346.

	 2	 Roxburgh A, Hall WD, Dobbins T, et al. Trends 
in heroin and pharmaceutical opioid overdose 
deaths in Australia. Drug Alcohol Depend 2017; 
179: 291-298.

	 3	 Australian Department of Health, Disability 
and Ageing. National real time prescription 
monitoring (RTPM). Updated 26 June 2024. 
https://​www.​health.​gov.​au/​our-​work/​natio​nal-​
real-​time-​presc​ripti​on-​monit​oring​-​rtpm (viewed 
June 2024).

	 4	 Therapeutic Goods Administration (Australian 
Department of Health, Disability and Ageing). 
Prescription opioids: what changes are being 
made and why? 22 June 2021. https://​www.​tga.​
gov.​au/​produ​cts/​medic​ines/​presc​ripti​on-​medic​
ines/​presc​ripti​on-​opioi​ds-​hub/​presc​ripti​on-​opioi​
ds-​what-​chang​es-​are-​being​-​made-​and-​why 
(viewed Dec 2023).

	 5	 Lam T, Kuhn L, Hayman J, et al. Recent trends in 
heroin and pharmaceutical opioid-related harms 
in Victoria, Australia up to 2018. Addiction 2020; 
115: 261-269.

	 6	 Deiana C, Giua L. The intended and unintended 
effects of opioid policies on prescription opioids 
and crime. B E J Econom Anal Policy 2021; 21: 
751-792.

	 7	 Shreffler J, Shaw I, Berrones A, Huecker M. 
Prescription history before opioid overdose 
death: PDMP data and responsible prescribing. 
J Public Health Manag Pract 2021; 27: 385-92.

	 8	 Koch FC, Olivier J, Brett J, et al. The impact of 
tightened prescribing restrictions for PBS-
subsidised opioid medicines and the introduction 
of half-pack sizes, Australia, 2020–21: an 
interrupted time series analysis. Med J Aust 
2024; 220: 315-322. https://​www.​mja.​com.​au/​
journ​al/​2024/​220/6/​impac​t-​tight​ened-​presc​
ribin​g-​restr​ictio​ns-​pbs-​subsi​dised​-​opioi​d-​medic​
ines-​and

	 9	 Kertesz SG, Gordon AJ. A crisis of opioids and 
the limits of prescription control: United States. 
Addiction 2019; 114: 169-180.

	10	 Alpert A, Powell D, Pacula RL. Supply-side  
drug policy in the presence of substitutes: 
evidence from the introduction of abuse-
deterrent opioids. Am Econ J Econ Policy 2018; 
10: 1-35.

	11	 Fink DS, Schleimer JP, Sarvet A, et al. Association 
between prescription drug monitoring programs 
and nonfatal and fatal drug overdoses:  
a systematic review. Ann Intern Med 2018; 168: 
783-790.

	12	 Kim B. Must-access prescription drug monitoring 
programs and the opioid overdose epidemic: the 
unintended consequences. J Health Econ 2021; 
75: 102408.

	13	 Josephson B, Vadakkepatt G, Greenwood BN.  
Carrot or stick? The effect of supply-side 
regulations on opioid prescription rates and  
overdose mortality. Social Science Research 
Network (SSRN), 11 Feb 2022. https://​doi.​org/​10.​
2139/​ssrn.​3928945 (viewed Jan 2025).

	14	 Agnoli A, Xing G, Tancredi DJ, et al. Association 
of dose tapering with overdose or mental health 

crisis among patients prescribed long-term 
opioids. JAMA 2021; 326: 411-419.

	15	 Coffin PO, Rowe C, Oman N, et al. Illicit opioid 
use following changes in opioids prescribed for 
chronic non-cancer pain. PLoS One 2020; 15: 
e0232538.

	16	 Picco L, Lam T, Haines S, Nielsen S. How 
prescription drug monitoring programs inform 
clinical decision-making: a mixed methods 
systematic review. Drug Alcohol Depend 2021; 
228: 109090.

	17	 Deyo RA, Hallvik SE, Hildebran C, et al. 
Association of prescription drug monitoring 
program use with opioid prescribing and health 
outcomes: a comparison of program users and 
nonusers. J Pain 2018; 19: 166-177.

	18	 Maughan BC, Bachhuber MA, Mitra N,  
Starrels JL. Prescription monitoring programs 
and emergency department visits involving 
opioids, 2004–2011. Drug Alcohol Depend 2015; 
156: 282-288.

	19	 Wen H, Hockenberry JM, Jeng PJ, Bao Y. 
Prescription drug monitoring program 
mandates: impact on opioid prescribing and 
related hospital use. Health Aff (Millwood) 2019; 
38: 1550-1556.

	20	 Xia T, Picco L, Lalic S, et al. Determining the 
impact of opioid policy on substance use and 
mental health–related harms: protocol for a data 
linkage study. JMIR Res Protoc 2023; 12: e51825.

	21	 Langan SM, Schmidt SA, Wing K, et al. 
The reporting of studies conducted using 
observational routinely collected health 
data statement for pharmacoepidemiology 
(RECORD-PE). BMJ 2018; 363: k3532.

	22	 Nielsen S, Buchbinder R, Pearce C, et al. Cohort 
profile: Using primary care data to understand 
Opioid Prescribing, Policy Impacts and Clinical 
Outcomes (OPPICO) in Victoria, Australia. BMJ 
Open 2023; 13: e067746.

	23	 Eastern Health. Annual report 2022–2023. 
https://​www.​easte​rnhea​lth.​org.​au/​wp-​conte​nt/​
uploa​ds/​2023/​12/​EH-​Annua​l-​Repor​t-​2022-​2023_​
inter​active_​final.​pdf (viewed Jan 2025).

	24	 Monash Health. Annual report 2022–2023. https://​
monas​hheal​th.​org/​lates​t-​news/​2023/​11/​01/​2022-​
23-​annua​l-​repor​t-​a-​resil​ient-​ambit​ious-​and-​innov​
ative​-​healt​h-​service (viewed Jan 2025).

	25	 Peninsula Health. Annual report 2023. https://​
www.​penin​sulah​ealth.​org.​au/​wp-​conte​nt/​uploa​
ds/​152-​PH-​Annua​l-​Repor​t-​2023-​FA-​3-​Digit​al.​
pdf (viewed Jan 2025).

	26	 Australian Commission on Safety and Quality 
in Health Care. Opioid medicines dispensing, all 
ages, from 2016–17 to 2020–21. 2022. https://​
www.​safet​yandq​uality.​gov.​au/​publi​catio​ns-​
and-​resou​rces/​resou​rce-​libra​ry/​data-​file-​opioi​d-​
medic​ines-​dispe​nsing​-​all-​ages-​2016-​17-​2020-​21 
(viewed Jan 2025).

	27	 Austin PC. An introduction to propensity score 
methods for reducing the effects of confounding 
in observational studies. Multivariate Behav Res 
2011; 46: 399-424.

	28	 Australian Bureau of Statistics. Postal Area, 
Indexes, SEIFA 2011. In: Census of Population 
and Housing: Socio-Economic Indexes for Areas 
(SEIFA), Australia, 2011 (2033.0.55.001). 28 Mar 

2013. https://​www.​abs.​gov.​au/​AUSST​ATS/​abs@.​
nsf/​Detai​lsPage/​2033.0.​55.​00120​11?​OpenD​
ocument (viewed Jan 2025).

	29	 Payne RA, Mendonca SC, Elliott MN, et al. 
Development and validation of the Cambridge 
Multimorbidity Score. CMAJ 2020; 192: 
E107-E114.

	30	 Ali MS, Groenwold RH, Belitser SV, et al. 
Reporting of covariate selection and balance 
assessment in propensity score analysis is 
suboptimal: a systematic review. J Clin Epidemiol 
2015; 68: 122-131.

	31	 Staffa SJ, Zurakowski D. Five steps to 
successfully implement and evaluate propensity 
score matching in clinical research studies. 
Anesth Analg 2018; 127: 1066-1073.

	32	 James JR, Scott JM, Klein JW, et al. Mortality after 
discontinuation of primary care-based chronic 
opioid therapy for pain: a retrospective cohort 
study. J Gen Intern Med 2019; 34: 2749-2755.

	33	 Bernal JL, Cummins S, Gasparrini A. Interrupted 
time series regression for the evaluation of 
public health interventions: a tutorial. Int J 
Epidemiol 2017; 46: 348-355.

	34	 Puac-Polanco V, Chihuri S, Fink DS, et al. 
Prescription drug monitoring programs and 
prescription opioid-related outcomes in the 
United States. Epidemiol Rev 2020; 42: 134-153.

	35	 Nielsen S, Picco L, Russell G, et al. Changes in 
opioid and other analgesic prescribing following 
voluntary and mandatory prescription drug 
monitoring program implementation: a time 
series analysis of early outcomes. Int J Drug 
Policy 2023; 117: 104053.

	36	 Harris K, Jiang A, Knoeckel R, Isoardi KZ. 
Rescheduling codeine-containing analgesics 
reduced codeine-related hospital presentations. 
Med J Aust 2020; 212: 328. https://​www.​mja.​
com.​au/​journ​al/​2020/​212/7/​resch​eduli​ng-​codei​
ne-​conta​ining​-​analg​esics​-​reduc​ed-​codei​ne-​relat​
ed-​hospital

	37	 Picco L, Ritter A, Nielsen S. Prescription drug 
monitoring programs in Australia: a call for a 
comprehensive evaluation. Drug Alcohol Rev 
2023; 42: 745-747.

	38	 Pauly NJ, Slavova S, Delcher C, et al. Features 
of prescription drug monitoring programs 
associated with reduced rates of prescription 
opioid-related poisonings. Drug Alcohol Depend 
2018; 184: 26-32.

	39	 Jones NR, Hickman M, Nielsen S, et al. The 
impact of opioid agonist treatment on fatal and 
non-fatal drug overdose among people with a 
history of opioid dependence in NSW, Australia,  
2001–2018: findings from the OATS 
retrospective linkage study. Drug Alcohol 
Depend 2022; 236: 109464.

	40	 Parliamentary Budget Office. Heroin 
consumption in Victoria. Value of the 
heroin market in the state (February 2024). 
https://​static.​pbo.​vic.​gov.​au/​files/​​PBO_​Heroi​n-​
consu​mptio​n-​in-​Victo​ria_​Marke​t-​value_​PUBLI​
CATION.​pdf (viewed Jan 2025).

	41	 Jiang J, Akhlaghi H, Haywood D, et al. 
Mental health consequences of COVID-19 
suppression strategies in Victoria, Australia: 
a narrative review. Int J Med Res 2022; 50: 
3000605221134466. ■

Supporting Information

Additional Supporting Information is included with the online version of this article.

https://www.health.gov.au/our-work/national-real-time-prescription-monitoring-rtpm
https://www.health.gov.au/our-work/national-real-time-prescription-monitoring-rtpm
https://www.tga.gov.au/products/medicines/prescription-medicines/prescription-opioids-hub/prescription-opioids-what-changes-are-being-made-and-why
https://www.tga.gov.au/products/medicines/prescription-medicines/prescription-opioids-hub/prescription-opioids-what-changes-are-being-made-and-why
https://www.tga.gov.au/products/medicines/prescription-medicines/prescription-opioids-hub/prescription-opioids-what-changes-are-being-made-and-why
https://www.tga.gov.au/products/medicines/prescription-medicines/prescription-opioids-hub/prescription-opioids-what-changes-are-being-made-and-why
https://www.mja.com.au/journal/2024/220/6/impact-tightened-prescribing-restrictions-pbs-subsidised-opioid-medicines-and
https://www.mja.com.au/journal/2024/220/6/impact-tightened-prescribing-restrictions-pbs-subsidised-opioid-medicines-and
https://www.mja.com.au/journal/2024/220/6/impact-tightened-prescribing-restrictions-pbs-subsidised-opioid-medicines-and
https://www.mja.com.au/journal/2024/220/6/impact-tightened-prescribing-restrictions-pbs-subsidised-opioid-medicines-and
https://doi.org/10.2139/ssrn.3928945
https://doi.org/10.2139/ssrn.3928945
https://www.easternhealth.org.au/wp-content/uploads/2023/12/EH-Annual-Report-2022-2023_interactive_final.pdf
https://www.easternhealth.org.au/wp-content/uploads/2023/12/EH-Annual-Report-2022-2023_interactive_final.pdf
https://www.easternhealth.org.au/wp-content/uploads/2023/12/EH-Annual-Report-2022-2023_interactive_final.pdf
https://monashhealth.org/latest-news/2023/11/01/2022-23-annual-report-a-resilient-ambitious-and-innovative-health-service
https://monashhealth.org/latest-news/2023/11/01/2022-23-annual-report-a-resilient-ambitious-and-innovative-health-service
https://monashhealth.org/latest-news/2023/11/01/2022-23-annual-report-a-resilient-ambitious-and-innovative-health-service
https://monashhealth.org/latest-news/2023/11/01/2022-23-annual-report-a-resilient-ambitious-and-innovative-health-service
https://www.peninsulahealth.org.au/wp-content/uploads/152-PH-Annual-Report-2023-FA-3-Digital.pdf
https://www.peninsulahealth.org.au/wp-content/uploads/152-PH-Annual-Report-2023-FA-3-Digital.pdf
https://www.peninsulahealth.org.au/wp-content/uploads/152-PH-Annual-Report-2023-FA-3-Digital.pdf
https://www.peninsulahealth.org.au/wp-content/uploads/152-PH-Annual-Report-2023-FA-3-Digital.pdf
https://www.safetyandquality.gov.au/publications-and-resources/resource-library/data-file-opioid-medicines-dispensing-all-ages-2016-17-2020-21
https://www.safetyandquality.gov.au/publications-and-resources/resource-library/data-file-opioid-medicines-dispensing-all-ages-2016-17-2020-21
https://www.safetyandquality.gov.au/publications-and-resources/resource-library/data-file-opioid-medicines-dispensing-all-ages-2016-17-2020-21
https://www.safetyandquality.gov.au/publications-and-resources/resource-library/data-file-opioid-medicines-dispensing-all-ages-2016-17-2020-21
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012011?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012011?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012011?OpenDocument
https://www.mja.com.au/journal/2020/212/7/rescheduling-codeine-containing-analgesics-reduced-codeine-related-hospital
https://www.mja.com.au/journal/2020/212/7/rescheduling-codeine-containing-analgesics-reduced-codeine-related-hospital
https://www.mja.com.au/journal/2020/212/7/rescheduling-codeine-containing-analgesics-reduced-codeine-related-hospital
https://www.mja.com.au/journal/2020/212/7/rescheduling-codeine-containing-analgesics-reduced-codeine-related-hospital
https://static.pbo.vic.gov.au/files/PBO_Heroin-consumption-in-Victoria_Market-value_PUBLICATION.pdf
https://static.pbo.vic.gov.au/files/PBO_Heroin-consumption-in-Victoria_Market-value_PUBLICATION.pdf
https://static.pbo.vic.gov.au/files/PBO_Heroin-consumption-in-Victoria_Market-value_PUBLICATION.pdf

	Prescription opioid supply-restricting policies and hospital use by people prescribed opioid medications, Victoria, 2018–22: a controlled interrupted time series analysis
	Abstract
	Methods
	Data sources
	Study periods
	Patient groups
	Opioid group
	Control group

	Outcomes
	Statistical analysis
	Ethics approval

	Results
	Emergency department presentations
	Hospital admissions
	Sensitivity analysis

	Discussion
	Limitations
	Conclusion

	Acknowledgements: 
	Open access: 
	Competing interests: 
	Data sharing: 
	Authors’ contributions: 
	Anchor 24


